coated,
and studied under a scanning electron microscope.
The lamina propria mucosae in Japanese monkeys was thinner than that in humans and consisted of a superficial layer rich in connective tissue and a deep layer poor in this tissue. Both collagen fibers and elastic fibers mostly ran straight, and the fiber distribution and morphology slightly differed according to the depth of the layer. Their density was higher in upper layers. In the muscle layer, connective tissue surrounding muscle fibers was scarce. The fibrous structure of the monkey vocal fold is simpler than that of human vocal fold, and these findings reflect the short and monotonous phonation of monkeys.
The human vocal fold has a stratified structure consisting of superficial, intermediate, and deep layers and tunica muscularis with different physical characteristics (Hirano, 1974 , Kurita, 1980 . This structure appears to be closely associated with human vocalization, which shows complicated changes in its pitch and tone (Ishii et aL, 1996) . In contrast, the phonation in monkeys, phylogenetically the closest animal to humans, is short and monotonous. This difference primarily results from the developmental state of the central nervous system but may be partly associated with the structure of the vocal fold itself. To clarify the importance of the stratified structure of the human vocal fold, evaluation of differences in the vocal fold structure between monkeys and humans is useful. The physical characteristics of each layer of the vocal fold are markedly affected by collagen fibers and elastic fibers. We previously observed the vocal fold of normal human adults using the digestion method by scanning electron microscopy (SEM) and reported the three-dimensional structures of collagen and elastic fibers (Ishii et al., 1996) . In this study, collagen and elastic fibers of the vocal fold of Japanese monkeys were separately observed by SEM using the digestion method, and the findings were compared with those in humans in our previous study.
Materials and Methods
The materials were vocal folds obtained from 8 adult Japanese monkeys (Macaca fuscata) and 2 normal human infants aged 3 months. An aliquot of each vocal fold specimen was fixed in 10% neutral formalin and embedded in paraffin. Longitudinal and cross-sections were prepared, stained by elastica-van-Gieson's method, and observed by light microscopy. The other part of the specimen was used for observation by SEM. Each vocal fold specimen was cut into longitudinal and crosssections. Sections for observation of collagen fibers were fixed with 2% glutaraldehyde and treated with 10% sodium hydroxide at room temperature for 7 days for digestion of cellular components and elastic fibers (Ishii and Takeuchi, 1993) . Sections for observation of elastic fibers were fixed in 10% neutral formalin and treated with 90% formic acid at 45 °C for 2-5 days for digestion of cellular components and collagen fibers (Ishii et al., 1996) . After digestion, each specimen was washed thoroughly, treated with tannic acid, fixed in 1% 0s04, dehydrated with alcohol, critical point dried, ion coated, and observed by SEM (Hitachi, S-4200).
Results

Light microscopy
The length of the vocal fold membrane-like area was about 8 mm in the Japanese monkeys, but is only 5 mm in the human infants. In the vocal fold of the monkeys, the lamina propria mucosae was very thin compared with the human vocal fold (Figs. 1, 2). A high magnification of an area slightly below the free margin of the monkey vocal fold revealed that the superficial layer was rich in both collagen fibers and elastic fibers and the deep layer poor in these fibers (Fig. 3) . In the tunica muscularis of monkeys, muscle fibers were densely distributed, and the space among muscle fibers was narrow, containing few collagen and elastic fibers (Fig. 4) .
SEM Collagen fibers
In the Japanese monkey vocal fold, collagen fibers were distributed densely in the superficial layer and more coarsely in the deeper area. However, irrespective of the depth, thin collagen fibers were arranged in the longitudinal direction. Bundles of collagen fibers thinly enveloping each muscle fiber were present (Fig. 5 ). In the tunica muscularis, there were no layers of thick collagen fiber bundles.
Elastic fibers
In the Japanese monkeys, elastic fibers were more densely distributed denserly in the upper area, but nearly uniform elastic fibers were observed in the longitudinal direction in all layers. In addition, fiber arrangement was simple in the monkey with fewer coil-like fibers intertwined with straight fibers (Fig. 6-a,b) . J* tunica muscularis, there were only few elastic fibers intertwined with muscle fibers (Fig. 6c) .
Discussion
The general function of collagen fibers is maintenance of the shape of organs. When the shape of the organ changes, collagen fibers slide on one another, allowing morphological changes without affecting the basic structure of the organ. Whereas, elastic fibers provide a restoration function against applied force. Thus, the function of the two types of fibers differs. To clarify the physical characteristics of an organ, it is important to evaluate the distribution and morphology of each fiber type constituting the organ, especially in organs such as the vocal fold which is characterized by a vibrator function. We previously observed the fiber structure of the normal human adult vocal fold using the digestion method by SEM and speculated on the roles of collagen and elastic fibers in each layer of the vocal fold (Ishii et al., 1996) . In the superficial layer, aggregated collagen fibers may prevent the internal structure from shifting to one side in this layer during mucosal wave motions, maintaining the structure. Elastic fibers may maintain mucosal waves by repulsion force. In the intermediate layer, thick collagen fibers and elastic fibers arranged in the longitudinal direction appear to cope with force applied in the longitudinal direction of the vocal fold, especially contraction of the anterior muscle. The vocal ligament, which encloses the vocalis muscle medially, may cope with mediosuperior force because of contraction of the vocalis muscle and appears to be involved in the vocal fold tension mechanism. In Japanese monkeys, there was no structure corresponding to the superficial structure in the human vocal fold. Therefore, sustained maintenance of regular mucosal waves may be difficult in Japanese monkeys, resulting in monotonous short phonation, like a bamboo flute. In addition, there was no structure consisting of abundant collagen fibers and elastic fibers as observed in the human vocal ligament. Based on our hypothesis that the vocal ligament is involved in the vocal fold tension mechanism, this mechanism may be poorly developed'in monkeys. Matsumoto et al. (Matsumoto et al., 1986 ) compared laryngeal muscle fibers between humans and monkeys and found poorer development of the cricothyroid muscle and thyroarytenoid muscle in monkeys than in humans. In other words, the development of the muscles involved in the vocal fold tension mechanism was poor. The poor development of the vocal ligament in monkeys appears to correspond with these findings.
In the Japanese monkeys, the tunica propria mucosae was very thin but was shorter than that in the human vocal fold. The length of the vocal fold membrane-like area in the monkeys was about 8 mm, which corresponds to that in human children aged 7-8 years. In this study, we compared the vocal fold between monkeys and 3-month-old infants, whose vocal fold membrane-like area is about 5 mm in length, because they do not talk. 
